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Abstract 
Kingdom, Rachel M. M.S., Department of Chemistry, Wright State University, 2009. 
 
 
“Conducting Polymer Matrix Poly(2,2’-Bithiophene) Mercuric Metal Ion Incorporation” 
 
The synthesis of poly(2,2’bithiophene) was carried out utilizing the Epsilon 2000 
cyclic voltammeter.  In order to incorporate the mercuric ion into the polymer matrix, the 
polymer was grown on an Iridium Oxide conductive glass, immersed into a solution of 
0.005M HgSO4 for 15 minutes.  The mercuric ion became covalently bonded to the sulfur 
from the polymer.  The comparison of the bare platinum electrode in a solution of 
0.005M pyrocatechol to the modified poly(2,2’-bithiophene) polymer was ran at a scan 
rate of 100mVs
-1
.  This gave a direct comparison of oxidation/reduction peak potentials.  
As seen, the modified poly(2,2’-bithiophene) polymer with the mercuric ion did not give 
a response when compared to that of both the modified and bare platinum electrodes in 
0.005 M pyrocatechol.  Both Scanning Electron Microscopy and micro-Raman 
Spectrometry were employed in order to determine the morphology of the polymer as 
well as the binding ability to the metal mercury ion.  The intensity ratio decreased 
monotonically as the number of conjugated thiophene rings increased, according to the 
micro-Raman spectra (i.e., 7.82, 2.91, 1.59, and 1.44 for α-bithiophene, α-terthiophene, 
α-quaterthiophene, and α-sexithiophene, respectively) and served as an approximate 
measure of conjugation-length.  It is suggested that an α-terthiophene ring is 
incorporating the mercuric ion into the polymer matrix..  From the stabilization of the 
 v 
polymer and the ability of the polymer to complex with the mercuric ion from solution, 
applications to the environment should be employed in future studies. 
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INTRODUCTION 
Metal mercury incorporation into a polymer matrix. 
Environmental impact of heavy metals, such as mercury, is of great concern to the 
economy today.  Mercury can be found in several forms such as cinnabar, which is 
mercuric sulfide, or the soluble forms, mercuric chloride or methylmercury.  Forms of 
mercury can be found in acidic water from metal mines or coal mines.  Acid rock 
drainage, otherwise known as acid mine drainage, may occur as a natural process where 
there exists the weathering of rock; however, it is impacted by coal handling facilities, 
coal washeries, coal stocks, and even coal waste tips
1
.  The understanding of the 
speciation and transformation of mercury-sulfur complexes is necessary for the 
determination of toxicity and transport as well as bioavailability in the environment
2
.   
Mercury is a widely used reagent in industrial processes and its contamination in 
water samples has always been a big concern
3
. Both metallic and ionic forms of mercury 
cause many different environmental and health problems. Exposure to mercury can lead 
to damage in the central nervous system and is associated with many mental disorders. 
Some of the diseases which have been studied are prenatal damage, cognitive and motion 
disorders, and Minamata disease
4,5,6
.  Some type of treatment is needed in order to 
neutralize and remove any unwanted heavy metals, such as the heavy metal mercuric ion.  
Scientists all over the world have developed numerous techniques and methods to detect 
and remove mercury from water samples under acidic and alkaline conditions.  Some 
techniques as well as types of detection that have arisen are inversion voltammetry, boron 
 2 
doped diamond electrode, coated piezoelectric sensor, SiO2-TiO2 nanocomposite, gold 
nanoprobe, and nanocomposite membranes
7,8,9,10,11,12
.   
The advantages gained from utilizing electrode surfaces modified with conducting 
polymers have led to an interest over a few decades.  This new class of electrode 
materials has been established to improve the electrode selectivity, sensitivity and to 
reduce fouling in many different applications.  Also, these modified electrodes have 
exhibited electrocatalytic properties.  One technique that is utilized is electrochemically 
depositing a thin film bithiophene on the bare metal electrode such as platinum or bare 
carbon electrode, using an applied current, in order to grow a polymer
13
.  There are 
several different procedures of polymerization such as plasma, chemical and 
electrochemical
14
.  Whatever the procedure utilized for polymerization process, there has 
been the issue of continued need for improvement of stability with the polymer film
14
.   
In order to improve the conductivity, stability, and electrocatalytic properties of the 
polymer film grown, there has been an investigation by researchers in the past to 
incorporate a metallic species within the polymer film matrix.  It has been found that 
different metal ions interact with polymer films in a different manner
15
.   
 A process known as cyclic voltammetry is utilized in order to account for 
oxidation/reduction of the metal ion species.  A three electrode compartment, as seen in 
Figure 1, containing an auxiliary electrode (platinum wire), a reference electrode 
(Ag/AgCl), and a working electrode (platinum) is utilized in order to detect the 
electrochemical response of metal ion species. 
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Figure 1.  A single glass cell compartment composed of three electrodes (Auxiliary, 
Working, and Reference electrodes)
21
.  
 
Cyclic voltammetry involves altering the potential of the stationary working electrode 
relative to a reference electrode in a linear fashion.  The completion of the cycle when 
ran, involves altering the potential linearly from an initial value to a final value then back 
to the initial value.  Figure 2 contains a typical cyclic voltammogram that outlines the 
cycles of oxidation and reduction. The reduction part is when the potential is more 
positive than the final potential.  This occurs at the beginning of the scan.  The oxidation 
peak occurs after the reduction peak. 
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Figure 2.  An example of a typical Cyclic Voltammogram with both reduction and 
oxidation peaks 
22
. 
  
The potential is measure between the reference electrode and the working 
electrode where as the current is measured between the working electrode and the counter 
electrode.  The data can be plotted as current versus potential (I versus E).  Information 
about the redox potential and the electrochemical reaction rates of the compounds can be 
obtained by analyzing the shapes of the reduction and oxidation peaks.   
 By knowing if the electronic transfer at the surface is fast and that the current is 
limited by the diffusion of the species to the electrode surface, the current peak will then 
be proportional to the square root of the scan rate.  The Cottrell Equation describes the 
rationale behind this.  The equation is as follows: 
i = nFAcj
O
(DO)
1/2
/π
1/2
t
1/2
(at 25
○
 C)       (1) 
Where, n is the number of electrons that are transferred, F is Faraday’s constant (96,500 
C/mol), A is the electrode surface (cm
2
), cj
◦
 is the initial concentration of the reducible 
analyte j in mol/cm
3
,  D is the diffusion coefficient for a species j in cm
2
/s, and t is time 
(s), at room temperature (25
○
 C). 
 5 
 Reversible, quasi-reversible, or irreversible peak shapes may be encountered in 
the cyclic voltammogram.  These are due to fluctuations in the current that is observed 
when a solution is electrolyzed (oxidized or reduced), which corresponds to a peak in the 
graph.  A redox process is considered to be reversible if a system remains at equilibrium 
throughout a potential scan.  The Nernst equation is applied, with the Cottrell equation, in 
order to determine the shape of the peaks; it is inferred that the potential is affected by the 
concentration.  The Nernst equation is as follows: 
E=E
○
 -(0.059/n)Log Q        (2) 
where “n” is the number of exchanged electrons according to the reaction.   E
○
 is the 
average of Epa, the anodic peak potential, and Epc, the cathodic peak potential, for a 
reversible process.  The peak current height ratio will also assist in indicating the type of 
reversibility.  The peak currents are known as ipc (cathodic peak current) and ipa (anodic 
peak current).  The cathodic peak current is a positive peak current where as the anodic 
peak current is negative, respectively.  The peak current separation is expressed as: 
ΔE=Epc-Epa          (3) 
where the change in “E” represents peak potential separation.  For a reversible process, 
according to the Nernst equation, the peak potential separation should be independent of 
the scan rate as it equals 59/n mV at all scan rates at room temperature (25
○
 C).  As it is, 
ip will depend on the square root of the scan rate.  The current ratio, ipa/ipc is equal to one 
in an ideally reversible process.  The farther the ratio is from one indicates that the two 
peaks are further away from one another, and hence, a less reversible response will be 
 6 
given.  As reversibility is dissipated, the peaks diminish in current height and become 
farther apart from one another, increasing the peak potential separation
36
. 
Typical scan rates are in the range of 20 to 2,000 mVs
-1
.  For a simple redox 
event, such as the ferrocene/ferrocenium couple, the current measured depends on the 
rate at which the analyte diffuses to the electrode. That is, the current is said to be 
diffusion controlled.  The Cottrell Equation, in theory, simplifies to: 
i = kt
-1/2
          (4) 
Where, k is the collection of constants for a given system (n, F, A, co
O
, DO), and (scan 
rate)
1/2
 is used in place of t
-1/2
.   
 The neurotransmitter pyrocatechol, which is considered to be reversible upon 
cyclic voltammetry, is used in this study for the concept of reversibility.  Reversibility is 
important for optimal detection and response time.  A scan rate of 100 mVs
-1
 is optimal 
under these conditions from previous experiments
37
.   
In the present study, the research conducted effectively, utilizes the method of 
incorporating a mercury ion in an electropolymerized poly(2,2’-bithiophene) film, as seen 
in Figure 3.         
 
Figure 3.  Electrochemical polymerization mechanism for poly(2,2’-bithiophene)
18
.  2,2’-
biothiophene (1) undergoes the processes of undoping/doping (2). 
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Free radicals are able to combine with another radical or with a neutral monomer 
molecule (2,2’-bithiophene) in order to form a dimer.  Upon the formation of the neutral 
undoped polymer, there is a loss of two protons.  Oligomers are formed at the platinum 
electrode and become the nucleation sites for polymer elongation
19
.  As seen in Figure 3, 
the processes of undoping and doping occur.  The process of doping requires the addition 
of electrons where as the process of undoping requires the removal of electrons, allowing 
for the bipolaron to become neutral.  Theoretically, the mercuric (II) ion will covalently 
bond to the undoped polymer.  The processes of doping and undoping will occur via 
diffusion of anions from, in this case, the solvent tetrabutylammonium tetrafluoroborate 
(TBATFB).  The process of undoping with TBATFB is indicative of explaining the 
charge transport of polythiophenes via the BF4
-
 anions.  
The electrocatalytic activity of the poly(2,2’-bithiophene) with metal ion 
encapulation of mercury ion is done by carrying out the oxidation and reduction of 
pyrocatechol in acidic  condition utilizing cyclic voltammetry as illustrated by the 
destruction of the electroactivity of the polymer film poly(2,2’-bithiophene)  in the 
detection of pyrocatechol.  The metal ion incorporation within the polymer film 
morphology is carried out by cyclic voltammetry (C.V.), scanning electron microscopy 
(S.E.M), and micro-Raman spectroscopy. 
 Scanning electron microscopy (SEM) is a method utilized for surface analysis of a 
solid sample.  The first SEM was obtained by Max Knoll in 1935, where he obtained an 
image of silicon steel demonstrating electron channeling contrast
16
.  SEM utilizes a beam 
of high-energy electrons to generate a variety of signals on the surface of a solid.  
Electron-sample interactions that are gathered, tend to show information about the 
 8 
sample, which includes external morphology (texture), chemical composition, and 
crystalline structure and orientation of materials making up the sample
17
.  There exist 
some underlying fundamental principles in scanning electron microscopy. One important 
principle is that the accelerated electrons in an SEM carry significant amounts of kinetic 
energy, allowing the energy to dissipate as a variety of signals produced by electron-
sample interactions when the incident electrons are decelerated in the solid sample. These 
signals include secondary electrons (that produce SEM images), backscattered electrons 
(BSE), electron backscattered diffraction (EBSD that are used to determine crystal 
structures and orientations of minerals), photons (characteristic X-rays that are used for 
elemental analysis and continuum X-rays), visible light (cathodoluminescence--CL), and 
heat
17
. Secondary electrons and backscattered electrons are commonly used for 
illustrating samples, showing morphology and topography on samples and illustrating 
contrasts in composition in multiphase samples (i.e. for rapid phase discrimination), 
respectively. X-ray generation is produced by inelastic collisions of the incident electrons 
with electrons in discrete orbitals (or shells) of atoms in the sample
16
.  As the excited 
electrons return to lower energy states, they yield X-rays that are of a fixed wavelength; 
that is, they are related to the difference in energy levels of electrons in different shells 
for a given element.  X-rays for each element in a mineral that is "excited" by the electron 
beam have their own individual characteristics. SEM analysis contains x-rays generated 
by electron interactions that do not lead to volume loss of the sample; this is a technique 
that is known to be non-destructive in nature, and hence, is utilized in order to 
characterize the morphology of the polymer matrix poly(2,2’-bithiophene) with the 
incorporation of the mercuric ion via mercury (II) sulfate.   
 9 
Raman Spectroscopy is a technique that was utilized for this thesis experiment in 
determining how sulfur and mercury bonded.  Raman Spectroscopy was founded by Sir 
Chandrasekhara V. Raman.  In Raman spectroscopy one observes scattered light from a 
sample as an excitation light beam is passed through it.  C.V. Raman discovered the 
inelastic scattering phenomenon in 1928 and won a Nobel Prize for Physics in 1930
34
.  
Raman Spectroscopy is considered to be inelastic, meaning there is a changing of 
frequency from the monochromatic light and sample when observing photons, possibly 
from a laser source
38
. 
 Raleigh scattering is elastic scattering at the same frequency as the excitation 
source.  Rayleigh scattered light intensity is several orders of magnitude more intense 
than Raman scattered light, and thus, creates challenges in observing the weaker Raman 
scattering.  In the classical view of Raman scattering, the oscillating electric field arising 
from a Raman active molecular vibrational motion interacts with the electric field of the 
exciting light beam.   This interaction results in the creation of two new light frequencies 
by addition and subtraction of the molecular vibration frequency to/from the exciting 
light frequency.  In the lower frequency (Stokes) and higher frequency (Anti-Stokes), 
Raman scattered light appear with equal frequency separation on either side of the 
Rayleigh scattered light peak, which occurs at the excitation frequency.  Raman active 
vibrational modes must change the polarizability of the molecule.incorporates and relates 
polarizabilty and an electric field.  In order to be considered Raman-active, a molecule 
must have rotational and vibrational coordinates.   
 The quantum view of Raman scattering is presented along with Raleigh scattering 
in Figure 4, from Ref. 40.  Stokes Raman scattering occurs by absorption of light at the 
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excitation frequency, which promotes the transition from the ground vibrational state to 
an excited virtual state, from which emission occurs to an excited vibrational state. 
 
  
Figure 4.  Raleigh and Raman Scattering
40
. 
 In Stokes scattering, part of the photon’s energy refers to when a is transferred to 
the Raman-active mode, where the resulting frequency has been reduced, as noted in 
Figure 1.  In Stokes scattering, the exciting photon has lost energy to the molecule.  At 
the time of interaction between the photon and the molecule, the interaction takes place in 
the ground state.  However, with Anti-Stokes, the interaction takes place in the excited 
vibrational state.  The molecule will return back to the ground state energy level due to 
the release of energy, as observed in Figure 1.  In Anti-Stokes scattering, the photon has 
gained energy from the molecule. 
 The Raman instrument consists of an excitation source, sample illumination 
system and light collection optics, wavelength selector, and a detector.  The Raman 
spectrum will be produced by the sample being illuminated by the laser source and the 
collection of scattered light by a lens, which is sent through a narrow-band interference 
(notch) filter
38
 to reduce Rayleigh scattered light intensity at the laser frequency.  Data, 
collected from the peaks, can then be analyzed utilizing computer software.  
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Concentrating attention in the fingerprint region, 500-2000 cm
-1
,  molecule vibrations 
may be identified
39
.  From the analysis, the determination of the characteristics and 
binding ability of the polymer matrix poly (2,2’-bithiophene) and elemental mercury 
from mercury (II) sulfate can be reached.   
EXPERIMENTAL 
Reagents Used 
The chemicals that were used throughout the experiment were 2, 2’-Bithiophene 
monomer (CAS 492-97-7) and tetrabutyl ammonium tetrafluoroborate (TBATFB, CAS 
429-42-5) , which was obtained from Aldrich (Milwaukee, WI) . Acetonitrile, (HPLC 
grade) and sulfuric acid were obtained from Fisher Scientific.   Pyrocatechol (LOT 
1223713 20406170) was purchased from Fluka.  Electropolymerization solutions were 
prepared fresh for each experiment and were deaerated with argon for about 10 min 
before the polymerization step. Mercury (II) sulfate (CAS 7783-35-9) was purchased 
from Sigma-Aldrich.  Cadmium Chloride was purchased from Baker industries; cupric 
chloride was purchased from Fisher, and Zinc Sulfate was purchased from Merck and 
Company, Inc .  (Stuttgart,Germany). The pH buffered solutions (pH=1,5,7,9,and 13) 
were purchased via Fisher Scientific. 
Electrode Materials and Preparation 
 Electrochemical polymerization was carried out in a one-compartment three 
electrode glass cell, 0.1 M TBATFB and 0.05 M 2, 2’-Bithiophene.  The reference 
electrode was Ag/AgCl/3M KCl (MF-2074, BAS, Inc. West Lafayette, IN, USA).  The 
auxiliary electrode was a coiled Pt wire (MF-2012, BAS, Inc. West Lafayette, IN, USA).  
The platinum working electrode (MF-2052, BAS, Inc. West Lafayette, IN, USA) was 
purchased from BASi as well.  Polishing Alumina (CF-1050, BASi) was used as well to 
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polish the working electrodes.  The iridium tin oxide coated, conductive glass was 
purchased via Aldrich. 
Synthesis of Polymer-Metal Complexes 
Solutions of pyrocatechol were formed in respect to the supporting electrolytes 
for the heavy metals.  A 0.005 M solution of pyrocatechol was diluted with 0.1 N HCl, 
0.1 M HNO3, and 0.1 M H2SO4 for 0.005 M CuCl2, CdCl2, Pb(NO3)2, ZnSO4, and 
HgSO4, respectively.  The formation of the 0.05 M poly 2, 2’-bithiophene was formed via 
controlled potential electrolysis, at 1800 mV, from the monomer of 0.05 M bithiophene 
for five minutes.  The polymer was then undoped in 0.10 M tetrabutyl ammonium 
tetrafluoroborate (TBATFB), at -200 mV for two minutes.  A cyclic voltammogram was 
produced for each of the polymers in 0.005 M pyrocatechol for the corresponding 
electrolytes for heavy metal detection.  After oxidation/ reduction peaks were detected, 
new polymers were grown and undoped then soaked in solutions of 0.005 M heavy 
metals for 30 minutes then ran in the corresponding 0.005 M pyrocatechol solutions.. 
 Cyclic Voltammetry   
The electropolymerization step was performed using a BASi-Epsilon 
(Bioanalytical Systems, Inc.) EC-2000, cyclic voltmeter at 100 mVs
-1
. 
Micro-Raman Spectroscopy  
Raman measurements were performed using a LabRamHR 800 system (Horiba 
Jobin Yvon Inc.) equipped with 1800 and 600 grooves/mm holographic gratings. The 633 
nm output of a diode-pumped solid state laser was used as excitation line. The laser 
power at the sample was of 0.225 mV. The laser beam spot had a diameter of about 1 µm 
and was focused on the areas of interest of the samples with the help of a high resolution 
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confocal Raman microscope (high stability BX41), Olympus objectives (long working 
distance visible objective 100x, 50x, and 10x) and a color video camera. The confocal 
hole was set at 300 µm and the backscattered Raman signal was recorded, using an open 
electrode thermo-electric cooled CCD detector (1024x526 pixels). The spectral resolution 
was 1 cm
-1
. The exposure time was of 10 s and each spectral window was averaged over 
40 cycles. The Raman data were then analyzed and processed using the LabSpec 5 and 
OriginLab 8 software. 
Analysis of Raman Spectra. The Raman curves obtained for each polymer film were 
first base-line corrected, normalized with respect to the 521 cm
-1
 band of silicon 
reference, and then averaged in the LabSpec 5 acquisition software. The spectral regions 
of interest were fitted to a Lorentzian shape before analyzing the Raman bands and 
determining their parameters (e.g., relative intensity, integrated surface area). The peaks 
were selected as close to the presumed positions as possible. The curve-fitting process 
was iterated until a very good fit between the computed and experimental spectral profile 
was obtained (i.e., a 2 error value of ~2.50e + 006 was obtained using the Levenberg–
Marquart method of non-linear peak fitting). The maximum number of interaction was 
fixed by 5000. 
Scanning Electron Microscope (SEM).  
Analysis for the surface of the modified Iridium glass electrode with mercury (II) 
sulfate was performed using an Aspex / RJ Lee Personal SEM in compositional mode.  
The composite of the surface of the iridium tin oxide conductive glass with the polymer 
and incorporated mercury (II) species was analyzed at 100x magnification with the 
SEM/EDS instrument. 
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RESULTS AND DISCUSSION 
 Optimal temperature, concentration, and pH parameters were diligently observed 
in order to determine conditions for pyrocatechol and the polymer poly(2,2’-bithiophene) 
in 0.005M HgSO4.  When utilizing the monomer 2,2’-bithiophene in room temperature, 
the optimal oxidation/reduction peak determination was observed.  However, if the 
monomer was not at room temperature, there was little, if no peaks, observed when the 
polymer was ran in 0.005M pyrocatechol.  According to Table 1, the concentration of 
0.005M for pyrocatechol is optimal for conditions.  The concentration of 0.005M gave 
the smaller peak potential difference of upon comparison to the other concentrations that 
were studied. The ∆E for 0.005 M concentration of pyrocatechol is 368.2 mV, compared 
to 417.9 mV, 380.6 mV, and 379.2 mV for 0.10 M, 0.05 M, and 0.0005 M concentration 
of pyrocatechol, respectively. 
Several heavy metals were studied in order to compare whether or not the poly (2, 
2’-bithiophene) would have any interaction for encapsulation or covalent bonding of 
metal mercuric ion.  The binding ability for the heavy metals CdCl2, CuCl2, Pb(NO3)2, 
ZnSO4, and HgSO4, was studied.  According to the results of the cyclic voltammetry, 
mercury and lead were the only two heavy metals that had an interaction with the poly (2, 
2’-bithiophene).  As seen in Figure 9, there were not any corresponding 
oxidation/reduction peaks for mercury (II) and for lead (II), when compared to cadmium 
chloride, copper (II) chloride, and zinc sulfate, in the detection of pyrocatechol (C-E).  
The oxidation/reduction peak potentials for pyrocatechol have allowed for the 
determination of whether or not the polymer is incorporating any metal ions into the 
polymer matrix.   
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 When noting the difference between the bare platinum electrode and the modified 
platinum electrode via peak potential separation and peak current ratio, Figure 7B and 8B 
yielded a ΔE=310 mV and ipa/ipc=3.41, a ΔE=185.1 mV and ipa/ipc=1.76, respectively.  
Another acidic solution utilized was HNO3 (nitric acid) gave a ΔE=326 mV and 
ipa/ipc=1.69, a ΔE=101.5 mV and ipa/ipc=0.911.  Even though it appears that 0.10 M HNO3 
yielded a better response, 0.10 M H2SO4 was utilized due to its overall change in peak 
potential from the bare platinum electrode to the modified platinum electrode, when 
compared to 0.10 M HNO3, 0.10 M HCl, and 0.10 M NaCl.  0.10 M H2SO4 was also 
utilized via past results from the lab group.  Figure 10 designates cyclic voltammograms 
for bare platinum electrode versus the modified poly(2,2’-bithiophene) electrode for 
direct comparisons of the supporting electrolytes, sulfuric acid, nitric acid, hydrochloric 
acid, and sodium chloride. 
 The concentration of 0.005M pyrocatechol was carried out throughout the rest of 
the experiment in the determination of whether or not the mercuric ion was incorporated 
into the polymer matrix.  pH was the next parameter that was observed in order to 
determine under what conditions the polymer will work in order to retrieve the mercuric 
ion from solution at various pH values.    
According to Figures 9-11 as well as Table 3 and Table 5, the mercury (II) ion 
species appeared to be incorporated into the polymer under the pH conditions of pH=1,5, 
and 7, using a concentration of 0.005M solution of HgSO4 and 0.10M concentrations of 
the supporting electrolytes.  The oxidation and reduction peaks of pH values of 9 and 13, 
when ran in 0.005 M pyrocatechol, is indicative that the mercury stayed in solution 
instead of being incorporated into the polymer matrix.  According to Table 1, sulfuric 
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acid gave the best response for peak potential separation, when compared to nitric acid 
and hydrochloric acid, when the polymer poly(2,2’-bithiophene) was ran in 0.005M 
pyrocatechol (with a supporting electrolyte of 0.10M Sulfuric acid).  Sulfuric acid gave 
the smallest separation, which is compliant with a reversible cyclic voltammogram. 
According to Figure 11A, a pH=1 cyclic voltammogram yielded a more reversible 
graph for the bare platinum electrode when compared to the different buffer solutions,  
Figure 11B-11D.  A pH of 9 and 13 yielded no responses where as a pH of 5 and 7 did 
respond.  Table 3 addresses the peak potential separation as well as the peak current 
ratios of the different pH buffer solutions and the bare platinum electrode detections. 
In order to account for the mercuric ion being incorporated into the polymer 
matrix and not having formation of metal mercury, which is oxidized when the electrode 
potential changes to more positive values, tests were performed on the supporting sulfuric 
acid electrolyte (analyte).  According to this study and to Figure 13, the bare platinum 
electrode, when ran at 100 mVs
-1
, yielded no oxidation or reduction peaks.  This 
corresponds to literature that the change in peak potential is 0 V
41
.  The modified 
platinum electrode with the polymer poly(2,2’-bithiophene) also yielded no reduction 
peaks.  The modified platinum electrode, when dipped in HgSO4 for thirty minutes, gave 
no peaks, when ran in the 0.10 M H2SO4.  These intriguing results suggest a stable bond, 
such as the mercuric ion bonded to the polymer matrix.  Thus, Hg
2+
 is incorporated into 
the polymer matrix instead of metallic mercury or mercurous ion, Hg and Hg
+1
.  These 
cyclic voltammogram results lead to more interest, understanding the mercuric ion 
interaction with the polymer.  Thus, SEM and micro-Raman spectra were studied.   
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  Via the process of doping/undoping, conformational changes may occur due to 
the swelling and contracting within the polymer matrix. This is seen via micro-Raman 
spectroscopy and scanning electron microscopy.  As observed in Figure 5, there are three 
possible binding abilities for the mercury ion.  With the utilization of the Aspex / RJ Lee 
Personal SEM in compositional mode, there is uneven distribution of mercury into the 
polymer matrix on the iridium tin oxide conductive glass.  This suggests that mercury 
may perhaps be covalently bonding in different ways, such as cis/trans formation.  The 
2,2’-bithiophene polymer when coupled to mercury does not yield a homogenous 
morphology.     
The micro-Raman spectra of poly(2,2’-bithiophene ) and mercury coated 
poly(2,2’-bithiophene) are presented in Figure 17 in comparison with those of the 
tetrabutylammonium tetrafluoroborate (TBATFB) solvent and the iridium tin oxide 
conductive glass slide (IrO2) supporting the films. A complete vibrational assignment is 
proposed in Table 6, in very good agreement with previous reports
23-33
. A brief 
examination of the spectra in Figure 23 shows that most of the poly(2,2’-bithiophene) 
bands can be easily located at the same position and have comparable relative intensity in 
the Raman spectrum of mercury coated poly(2,2’-bithiophene). The similar spectral 
profile of the two polymer organic films indicates that the poly(2,2’-bithiophene) film 
does not undergo major structurally changes upon Hg uptake. The conjugation length of 
thiophene rings was found to slightly increase upon Hg incorporation into the poly(2,2’-
bithiophene) matrix as reflected by the intensity ratio of the C=C symmetric (1457 cm
-1
) 
and antisymmetric stretching (1497 cm
-1
) vibrations in thiophene rings. The I1457 / I1497 
intensity ratio was determined to be of 3.26 and 2.49 for the poly(2,2’-bithiophene) film 
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and the mercury coated poly(2,2’-bithiophene) film, respectively.  Mercury coated 
poly(2,2’-bithiophene) film, respectively. This intensity ratio decreased monotonically 
(but not linearly) as the number of conjugated thiophene ring increased (i.e., 7.82, 2.91, 
1.59, and 1.44 for α-bithiophene (2T), α-terthiophene (3T), α-quaterthiophene (4T), and 
α-sexithiophene (6T), respectively) and served as an approximate measure of the 
conjugation-length in previous IR and Raman studies on PT
28
. The I1457 / I1497 intensity 
ratio of 2.49 suggests that the formation of a terthiophene unit cell via Hg-S-Hg bonding 
cannot be excluded (Figure 5c). The proposed structure is further supported by the 
presence of a peak at 2500 cm
-1
 in the Raman spectrum of the Mercury coated polymer 
film (Tables 6 and 7, and Figure 25 ) This band was assigned to the stretching mode of 
free S-H groups, which further confirms the existence of terthiophene unit cells (Figure 
5c) upon Hg uptake along with the trans and cis bitiophene unit cells (Figure 22 a and b). 
Several significant spectral changes can be noticed in 100–500 cm
-1
 region upon 
Hg uptake into the poly(2,2’-bithiophene) matrix. The micro-Raman spectra of poly(2,2’-
bithiophene) and mercury coated poly(2,2’-bithiophene) in the mentioned spectral area 
are shown in Figure 23a for comparison reasons. The presence of small amounts of 
TBATFB in the polymer matrix cannot be excluded as reflected by a number of TBATFB 
vibrational modes, which were detected in the same spectral area at 109, 123, 156, 233, 
273, 333, 398, and 466 cm
-1
 (Figure 23b, Table 6). Unfortunately, most of these 
TBATFB bands occur at the same wavenumbers as the characteristic vibrational modes 
of the newly formed S-Hg-S bonds (e.g., the S-Hg-S bending modes at 95 cm
-1
 and 126 
cm
-1
). However, the peak at 293 cm
-1
 shows a 2.5-fold increase in intensity as a result of 
the overlapping with the stretching mode of the newly formed S-Hg-S bond for the point 
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measurement on the sample in Figure 23b. Moreover, a new weak peak emerges at 189 
cm
-1
 upon Hg uptake into the polymer matrix and does not overlap with any of the 
TBATFB contributions. It was attributed to a C-S-Hg bending mode
26
. 
The Raman-imaging technique allowed to molecularly probe selected areas on the 
poly(2,2’-bithiophene) sample at the micrometer scale. The localization of the mercury 
incorporation within the polymer matrix was Raman-mapped based on the change in 
relative intensity of the S-Hg-S stretching mode at 293 cm
-1
. Figure 8a shows the optical 
image of a 60 µm x 70 µm area on the mercury coated poly( 2, 2’-bithiophene) film.  The 
micro-Raman color map, which was recorded from a selected 12 µm x 7 µm region 
(marked as a black rectangle in Figure 24 a, illustrates that the mercury incorporation is 
heterogeneous.  The red areas (enclosed in a black rectangle) in Figure 24 b corresponds 
to a high content of mercury where as the black areas (enclosed in a white rectangle) 
indicate little or no mercury.  The micro-Raman point spectra, which were collected from 
two such areas, are displayed in Figure 24 c and 24 d.  A significant difference in the 
intensity of the S-Hg-S stretching mode delimited by red parallel lines can be observed. 
Therefore, the micro-Raman imaging confirms the heterogeneous incorporation of 
mercury into the polymer matrix just as the SEM predicted.  The red areas of the micro-
Raman spectra correspond to the white areas of the SEM in Figures 14 and 15.  The 
elemental analysis, as seen in Figure 15, confirms this distribution of the mercury 
incorporation. 
From the results of the cyclic voltammetry, scanning electron microscopy, and 
micro-Raman spectrometry, one can deduce that mercuric ion is incorporated into the 
polymer poly(2,2’-bithiophene) matrix.  According to the findings from the mico-Raman 
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data and Figure 5 A, B, and C, there are three proposed schematics as to how mercury is 
binding to the polymer poly(2,2’-bithiophene).  As seen in Figure 5 C, the proposed 
schematic structure for the formation of Hg-S-Hg bonding is exemplified, showing some 
distortion in the α-α’ and β-β’ Carbons.  This is representative of an α-terthiophene 
conjugated system.  According to Figures 14, 15 , and 16, respectively, the SEM 
photograph of the polymer exhibits both light and dark areas of the polymer as well as 
white areas, which is representative of the polymer and mercury-sulfur complexes, 
respectively.  As seen in Figure 25, the micro-Raman photograph exhibits the same type 
of morphology as the -SEM photograph, resulting in the depiction that there is Hg-S-Hg 
bonding occurring. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 21 
CONCLUSION 
 The environment will be a cleaner place upon removing heavy metals such as 
mercury via polymer incorporation of metal ion species.  The selectivity of the modified 
polymer platinum electrode to mercury allows for the application to conservation via 
environmental clean-up.  Poly(2,2’-bithiophene) showed a selectivity to remove mercuric 
ions from an aqueous solutions.  Metal ions such as Cd (II), Zn (II), and Cu(II) did not 
show selectivity for removal in aqueous solutions. The cyclic voltammograms  in Figures 
8 and 9, have illustrated that the modified poly(2,2’-biothiophene) electrode has the 
capability of encapsulating the heavy metal ion mercuric ion into the polymer film, under 
acidic conditions.  Through micro-Raman spectroscopy, one was able to determine the 
stability of the polymer as well as determine the schematics of how sulfur complexes 
with mercury (II). For future studies with poly(2,2’-bithiophene), it will be necessary to 
attempt to utilize the polymer at the site of acid mine drainage or acid rock drainage in 
coal mines, construction sites, transportation corridors, or metal mines
19
.  Since the total 
inhibition of the electro oxidation of pyrocatechol is achieved by the mercuric ion heavy 
metal, it is suggestive that sulfur configurations (hot spots) are responsible for the 
electrocatalysis of redox processes for the neurotransmitters under this study.  Future 
studies in our research group would have interest in carrying out this new innovative 
polymer to encapsulate mercury (II) ions in under real world conditions. 
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Table 1.  Determination of calibration curve for pyrocatechol with differing 
concentrations using a bare platinum electrode 
 
    
Concentration ipa (mA) ipc (mA)  ipa/ipc 
Epa 
(mV) 
Epc 
(mV) 
∆E 
(mV) 
0.10 -0.77 0.302  2.54967 724.4 306.5 417.9 
0.05 -0.466 0.113  4.12389 689.1 308.5 380.6 
0.005 -0.22 0.0865  2.54335 683.1 314.9 368.2 
0.0005 -35.36 15.36  2.30208 698.7 319.5 379.2 
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Table 2.  Comparison of electrolytes in 0.005 M pyrocatechol for electrolyte optimization   
 
Electrolytes Bare Pt 
Epa 
(mV) 
Bare 
Pt Epc 
(mV) 
Bare 
∆E 
(mV) 
ipa/ipc Poly(2,2'-
bithiophene) 
Epa (mV) 
Poly(2,2'bithiophene) 
Epc (mV) 
Poly(2,2'-
bithiophene) 
∆E (mV) 
ipa/ipc 
Sulfuric Acid 662 352 310 3.41 603 417.9 185.1 1.76 
Nitric Acid 651 324 326 1.69 612.9 511.4 101.5 0.911 
Hydrochloric 
Acid 
651 344 306 0.98 620.9 382.1 238.8 2.00 
Sodium 
Chloride 
626 382 244 2.06 660.7 150.7 510 1.02 
 
 
 
 
\ 
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Table 3.  Optimal pH conditions to support pyrocatechol for detection of HgSO4 
pH 
solutions in 
0.005 M 
Catechol 
pH ipa (mA) ipc(mA) ipa/ipc bare 
platinum 
electrode 
Epa (mV) 
bare 
platinum 
electrode 
Epc (mV) 
Bare Pt 
∆E 
(mV) 
0.10 M 
NaOH 
13       
0.10 M 
NH4Cl and 
0.10 M 
NH4OH 
9       
0.10 M 
NaPO4H2 
and 0.10 M 
Na2PO4H2 
7 -0.031 0.0239 1.30 388.1 37.8 350.3 
0.10 M 
CH3CO2H 
and 0.10 M 
NaCH3CO2 
5 -0.063 0.0387 1.63 538.8 143.3 395.5 
0.10 M 
H2SO4 
1 -0.049 0.0264 1.86 586.1 387.1 199 
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Table 4. Heavy metal peak potentials and peak currents 
Metals ipa (mA) ipc (mA) 
 
Ipa/ipc 
Poly(2,2'-
BTP)  
Epa (mV) 
Poly(2,2'-
BTP)  
Epc (mV) 
Poly(2,2'-
BTP)  
∆E (mV) 
CdCl2 -0.123 0.0651 1.889 654.7 370.1 284.6 
CuCl2 -0.092 0.0667 1.379 591 443.8 147.2 
ZnSO4 -0.146 0.096 1.52 632.8 400 232.8 
HgSO4  0.042   383  
Pb(NO3)2             
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Table 5.  0.005 M HgSO4 under acidic and basic conditions 
 
pH 
solutions 
of HgSO4 pH ipa (mA) ipc (mA) ipa/ipc 
Poly(2,2'-
bithiophe
ne) Epa 
(mV) 
Poly(2,2'
bithioph
ene) Epc 
(mV) 
Poly(2,2'-
bithiophe
ne) ∆E 
(mV) 
0.10 M 
NaOH 13 -0.091 0.0189 4.815 678.6 443.8 234.8 
0.10 M 
NH4Cl and  
0.10 M 
NH4OH 9 -0.0972 0.0359 2.707 614.9 410 204.9 
0.10 M 
NaPO4H2 
and 0.10 
M 
Na2PO4H 7        
0.10 M 
CH3CO2H 
and 0.10 
M 
NaCH3CO2 5        
0.10 M 
H2SO4 1             
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Table 6. Raman data for poly (2,2’-bithiophene) and mercury coated poly(2,2’-
bithiophene) 
 
                       
                Poly(2,2’-Bithiophene)                       Hg coated poly (2,2’- 
                                                                                   Bithiophene)                               Tentative assignment 
Exp. (cm
-1
)    Lit. (cm
-1
)                                 Exp. (cm
-1
)    Lit. (cm
-1
) 
 583 (26), 588-597 (29) 561  C-S-C deformation in TP 
ring 
470 
 
465 (26) 
 
473 
466 
 out-of-plane TP ring 
deformation 
TBATFB 
403 
 
420 (30) 
 
407 
398 
 TP ring deformation 
TBATFB 
334 
 
 336 
 
335 (31) TBATFB 
asym Hg-S stretching 
293 
 
 
304 (30) 
 
 
293 
 
 
275-324(23), 220-
395 (31) 
295 (32), 310 (33) 
TP ring deformation 
sym Hg-S stretching 
S-Hg-S stretching 
 
275  270  TBATFB 
224  225  TBATFB 
  189 
 
147-268 (31) 
175 (32) 
C-S-Hg bending 
 
153  154  TBATFB 
  123 
 
126 (32) 
 
S-Hg-S bending 
TBATFB 
103 
 
 105 
 
95 (32, 33) TBATFB 
S-Hg-S bending 
 
Abbreviations: TP – thiophene; tetrabutylammonium tetrafluoroborate (TBATFB); SI – spectra in 
Supplemental Information; sym – symmetric; asym – asymmetric. 
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Table 7.  Raman data for poly (2,2’-bithiophene) and mercury coated poly(2,2’-
bithiophene)  
 
Poly(2,2’-Bithophene) Hg coated poly(2,2’-
Bithophene) 
Tentative assignment 
Exp.(cm
-1
) Lit. (cm
-1
) Exp.(cm
-1
) Lit. (cm
-1
)  
2907 2900 (23), 3000 (24) 2905  C-H stretching in TP 
2499 2560 (23), 2560-2590 (24) 2500  S-H stretching 
1497 
 
1519-1566 (25), 1500 (26), 
1495 (27), 1498 (28), 1491-
1522 (29) 
1496 
 
 asym C=C stretching in TP 
ring 
 
1457 
 
1441-1475 (23,25), 1455 
(25), 1417-1460 (26), 1408-
1457 (27) 
1457 
 
 sym C=C stretching in TP 
ring 
 
1370 1370 (27), 1350-1367 (29) 1369  Cβ-Cβ׳ stretching 
1220 1222 (26, 28), 1221 (6), 
1196-1224 (29) 
1219  Cα-Cα׳ inter-ring stretching 
1176 
1157 
1177(28) 
1153 (27),1155 (28) 
1175 
1153 
 Cα-Cα׳ inter-ring stretching 
 
1045 1047 (26), 1045 (27, 28), 
1037-1048 (29) 
1045  in-plane C-H bending in TP 
ring 
825 825 (26), 832-862 (29) 826  in-plane Cα-H bending in TP 
ring 
737 
 
740 (26) 
736 (27), 735-750 (29) 
737 
 
 normal mode of the chain 
C-S-C deformation in TP 
ring 
702 
 
693 (27), 596-700 (29) 
700 (26), 701 (28) 
702 
 
 C-S-C deformation in TP 
ring 
bending of TP ring  
680 
649 
682 (26, 28) 
650 (23), 640 (26), 652 (28) 
680 
650 
 TP ring bending 
C-S stretching
 
 
Abbreviations: TP – thiophene; tetrabutylammonium tetrafluoroborate (TBATFB); SI – spectra in 
Supplemental Information; sym – symmetric; asym – asymmetric. 
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Figure 5.  A.)  Schematic structure for Cis formation of S-Hg-S bonding with some 
distortion in the α-α’ and β-β’ Carbons
20
.  B.)  Schematic structure for Trans formation of 
S-Hg-S bonding with some distortion in the α-α’ and β-β’ Carbons
20
.  C.)  Schematic 
structure for  formation of Hg-S-Hg bonding with some distortion in the α-α’ and β-β’ 
Carbons. 
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Figure 6.  Calibration curve of peak current versus concentration for 0.001, 0.0005, and 
0.00005mM pyrocatechol, respectively.  
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A.  
B. 
 
C. 
 
 
 
Figure 7.  A.)  Cyclic Voltammogram for bare pt electrode in 0.005 M pyrocatechol (in 
0.1 N HCl) at a Scan rate 100 mVs
-1
 and a ∆E=306 mV.  B.)  Cyclic Voltammogram for 
bare pt electrode in 0.005 M pyrocatechol (in 0.1 M H2SO4) at a Scan rate 100 mVs
-1
 and 
a ∆E=312 mV.  C.)  Cyclic Voltammogram for bare pt electrode in 0.005 M pyrocatechol 
(in 0.1 M HNO3) at a Scan rate 100 mVs
-1
 and a ∆E=326 mV 
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A. 
 
B. 
 
C. 
 
 
 
Figure 8.  A.)  Cyclic Voltammogram for 0.05 M poly(2,2’-bithiophene) in 0.005 M 
pyrocatechol (in 0.1 N HCl) at a Scan rate 100 mVs
-1
 and a ∆E=278 mV.  B.)  Cyclic 
Voltammogram for 0.05 M poly(2,2’-bithiophene) in 0.005 M pyrocatechol (in 0.1 M 
H2SO4) at a Scan rate 100 mVs
-1
 and a ∆E=182 mV.  C.)  Cyclic Voltammogram for 0.05 
M poly(2,2’-bithiophene) in 0.005 M pyrocatechol (in 0.1 M HNO3) at a Scan rate 100 
mVs
-1
 and a ∆E=266 mV. 
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Figure  9. A.)  Cyclic voltammogram of a  modified poly( 2, 2’-bithiophene) Platinum 
electrode in 0.005 M mercury solution in 0.005 M Pyrocatechol at a scan rate of 100 
mVs
-1
 with one reduction peak.  B.)  Cyclic Voltammogram for 0.05 M poly(2,2’-
bithiophene) in 0.005 M pyrocatechol (in 0.1 M HNO3) dipped in Pb(NO3)2 at a Scan rate 
100 mVs
-1
.  C.)  Cyclic Voltammogram for 0.05 M poly(2,2’-bithiophene) in 0.005 M 
pyrocatechol (in 0.1 N HCl) dipped in CdCl2 at a Scan rate 100 mVs
-1
.  D.)  Cyclic 
Voltammogram for 0.05 M poly(2,2’-bithiophene) in 0.005 M pyrocatechol (in 0.1 N 
HCl) dipped in CuCl2 at a Scan rate 100 mVs
-1
.  E.)  Cyclic Voltammogram for 0.05 M 
poly (2, 2’-bithiophene) in 0.005 M pyrocatechol (in 0.1 M H2SO4) dipped in ZnSO4 at a 
Scan rate 100 mVs
-
. 
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A. B. 
C. 
D. 
 
E. 
F. 
G. 
H. 
Figure 10.  A.)  Bare platinum electrode in 0.005 M Pyrocatechol in 0.10 M H2SO4.  B.)  
Bare platinum electrode in 0.005 M Pyrocatechol in 0.10 M HCl.  C.)  Bare platinum 
electrode in 0.005 M Pyrocatechol in 0.10 M HNO3.  D. ) Bare platinum electrode in 
0.005 M Pyrocatechol 0.10 M NaCl.  E.)  0.05 M poly(2,2’-bithiophene) in 0.005 M 
Pyrocatechol in 0.10 M H2SO4.  F.)  0.05 M poly (2,2’-bithiophene) in 0.005 M 
Pyrocatechol in 0.10 M HCl.  G.)  0.05 M poly(2,2’-bithiophene) in 0.005 M 
Pyrocatechol in 0.10 M HNO3.  H.)  0.05 M poly(2,2’-bithiophene) in  in 0.005 M 
Pyrocatechol 0.10 M NaCl. 
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A. 
 
B. 
 
C. 
 
D. 
Figure 11.  A.)  Bare platinum electrode in 0.005 M Pyrocatechol solution with pH=1 in 
0.10 M H2SO4  B.)  Bare platinum electrode in 0.005 M Pyrocatechol solution with pH=5  
in 0.10 M H2SO4 C.)  Bare platinum electrode in 0.005 M Pyrocatechol solution with 
pH=7 in 0.10 M H2SO4  D. ) Bare platinum electrode in 0.005 M Pyrocatechol solution 
with pH=9 in 0.10 M H2SO4 .   
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A. 
B. 
 
C. 
 
D. 
 
E.  
F. 
 
Figure 12.  A.)  Bare platinum electrode in 0.005 M pyrocatechol in 0.10 M H2SO4.  B.)  
Poly (2,2’-bithiophene) in 0.005 M pyrocatechol in 0.10 M H2SO4.  C.) Poly (2,2’-
bithiophene) in 0.005 M pyrocatechol in 0.10 M H2SO4 in 0.005 M HgSO4 pH=5.  D.) 
Poly (2,2’-bithiophene) in 0.005 M pyrocatechol in 0.10 M H2SO4 in 0.005 M HgSO4 
pH=7.  E.) Poly (2,2’-bithiophene) in 0.005 M pyrocatechol in 0.10 M H2SO4 in 0.005 M 
HgSO4 pH=9.  F.)  Poly (2,2’-bithiophene) in 0.005 M pyrocatechol in 0.10 M H2SO4 in 
0.005 M HgSO4 pH=13.   
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A. 
 
 
B. 
 
C. 
 
 
Figure 13.  Comparison of A.) bare platinum electrode in 0.10 M H2SO4 to B.) modified 
platinum electrode with polymer poly(2,2’-bithiophene) and C.) modified platinum 
electrode with polymer poly(2,2’-bithiophene) in 0.005 M HgSO4 at a scan rate of 100 
mVs
-1
. 
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Figure 14.  SEM Photograph of Polymer taken @ 100x magnification.  Analysis was 
performed using an Aspex / RJ Lee Personal SEM in compositional mode.  The lighter 
gray areas are the glass substrate beneath the polymer. 
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Figure 15. SEM Photograph of Polymer exposed to mercury sulfate taken @ 100x and 
480x magnification.  The bottom portion of the photograph is an EDS scan of the white 
(mercury) areas shown on the right. Analysis was performed using an Aspex / RJ Lee 
Personal SEM in compositional mode. 
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Figure 16. SEM Photograph of the polymer sample exposed to mercury sulfate taken @ 
100x magnification.  Analysis was performed using an Aspex / RJ Lee Personal SEM in 
compositional mode 
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Figure 17. SEM Photograph of the polymer sample exposed to mercury sulfate taken @ 
100x magnification.  Analysis was performed using an Aspex / RJ Lee Personal SEM in 
compositional mode.  
 
 
 
 
 
 42 
 
Figure 18.  Raman photograph of iridium tin oxide conductive glass ran at 633 nm. 
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Figure 19. Raman photograph of iridium tin oxide conductive glass with 0.10 M 
TBATFB ran at 633 nm. 
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Figure 20.  Raman photograph of iridium tin oxide conductive glass with 0.05 M poly (2, 
2’-bithiophene) in 0.10 M TBATFB ran at 633 nm. 
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Figure 21.  Raman photograph of iridium tin oxide conductive glass with 0.05 M poly (2, 
2’-bithiophene) in 0.10 M TBATFB dipped in 0.005 M HgSO4 ran at 633 nm. 
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Figure 22. Micro-Raman spectra of a) iridium oxide glass slide (IrO2), 
tetrabutylammonium tetrafluoroborate (TBATFB), poly(2,2’-bithiophene) , and mercury 
coated poly2,2’-bithiophene (Mercury coated poly(2,2’-bithiophene)), and b) TBATFB 
recorded using an acquisition time of 25 seconds and averaged over 40 cycles to improve 
the signal-to-noise ratio. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
a) 
 
b) 
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Figure 23. Micro-Raman spectra of poly( 2, 2’-bithiophene) and Mercury coated poly( 2, 
2’-bithiophene) a) before and b) after base-line correction in the 100–500 cm
-1
 spectral 
range. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
a) 
 
b) 
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a) 
 
b) 
 
c) 
 
d) 
 
Figure 24. a) Optical image of a 60 µm x 70 µm area on the Mercury coated poly( 2, 2’-
bithiophene) film. b) Raman map of a 12 µm x 7 µm selected area that is marked as a 
black rectangle in Fig. 8a. Raman point measurements recorded in the 100-500 cm
-1
 
spectral region for the encompassed c) red and d) black areas of the sample in Fig. 8b. 
The stretching mode of the newly formed S-Hg-S bond at 293 cm
-1
 is delimited by red 
parallel lines (Fig. 8c and 8d). 
 
 
 
 
 
 
 
 
 
 
 
 
c
) 
 49 
 
a) 
 
b) 
Figure 25. Micro-Raman spectra of poly(2,2’-bithiophene) and mercury coated poly(2,2’-
bithiophene) in the a) 100-2000 cm
-1
 and b) 2000-4000 cm
-1
 spectral ranges. 
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